We investigated whether non-abortive maternal infections would compromise fetal brain development and alter hypothalamic-pituitary-adrenocortical (HPA) axis functioning when adult. To study putative teratogenic effects of a T cell-mediated immune response versus an endotoxic challenge, 10-d-pregnant rats received a single intraperitoneal injection of 5 X 10i human red blood cells (HRBC) or gram-negative bacterial endotoxin (Escherichia coli LPS: 30 ag/kg). The adult male progeny (3 mo old) of both experimental groups showed increased basal plasma corticosterone levels. In addition, after novelty stress the HRBC group, but not the LPS group, showed increased AC'H and corticosterone levels. Both groups showed substantial decreases in mineralocorticoid (MR) and glucocorticoid receptor (GR) levels in the hippocampus, a limbic brain structure critical for HPA axis regulation, whereas GR concentrations in the hypothalamus were unchanged and in anterior pituitary were slightly increased. HRBC and LPS indeed stimulated the maternal immune system as revealed by specific anti-HRBC antibody production and enhanced IL-1ft mRNA expression in splenocytes, respectively. This study demonstrates that a T cell-mediated immune response as well as an endotoxic challenge during pregnancy can induce anomalies in HPA axis function in adulthood. Clinically, it may be postulated that disturbed fetal brain development due to prenatal immune challenge increases the vulnerability to develop mental illness involving inadequate responses to stress. (J. Clin. Invest. 1994. 
(i.p.)' injection of high doses of LPS or cytokines, such as IL-2, in pregnant rats produces cytotoxic lymphocyte invasion, fetal necrosis, and abortion (6, 7) , presumably due to a disturbance of this immune balance. However, in those cases (clinical or experimental) in which no abortion takes place, few data are available whether the offspring will suffer from any teratogenic consequences.
Cytokines act as mediators of systemic acute phase responses which are characterized by rapidly induced changes in endocrinologic, metabolic, immunologic, and neurologic functions (8, 9) . These alterations include induction offever (9, 10) , hypotension (11) , hepatic synthesis of acute phase proteins (12) , inhibition of the hypothalamic-pituitary-gonadal axis (13) , and behavioral changes (14, 15) . Cytokines such as interleukin-1 (IL-1) also stimulate hypothalamic-pituitary-adrenocortical (HPA) axis activity (16, 17) leading to elevated levels of glucocorticoid hormones, which suppress the immune response (18) . This circuit between immune system and HPA axis has been considered as an immuno-endocrine feedback loop (19) .
Glucocorticoid hormones play a pivotal role in the maintenance ofhomeostasis and a tight regulation oftheir secretion is herein ofutmost importance. The activity ofthe HPA system is regulated by two corticosteroid receptors in the brain, which can be distinguished as mineralocorticoid (MR) and glucocorticoid receptors (GR) (20) . MR has a distinct neuroanatomical localization with highest concentrations in the pyramidal and dentate gyrus neurons of the hippocampus (21, 22 ). In contrast, GR shows a ubiquitous distribution in the brain with high levels in the paraventricular nucleus of hypothalamus and in the hippocampus, where these receptors seem to be colocalized with MR (21, 22) . Functionally, limbic (hippocampal) MR is involved in the regulation of the basal HPA axis activity, presumably by a tonic trans-synaptic influence on the composition and quantities ofcorticotrophin secretagogues in the hypothalamic-hypophyseal system. Brain and hypophyseal GR mediate the feedback signal of elevated glucocorticoid levels after stress or at the circadian peak of adrenocortical secretion (20, 23, 24) . In concert, MR and GR are involved in the homeostatic control of the HPA system and consequently, a tight regulation of these receptor sites is of principal importance. Hence, a decline in hippocampal corticosteroid receptor levels has been found often to be associated with a hyperactivity of the HPA system (24, 25) .
We started a study to investigate whether maternal immune stimulation affects fetal brain development and causes an altered HPA axis when adult. As immunostimulants, human red blood cells (HRBC) and LPS were used. LPS is a rather unspecific immunostimulant acting primarily by direct stimulation ofmacrophages, B cells and other cell types. In contrast, HRBC activate the immune system specifically via T cell-dependent mechanisms (26) . Therefore, the use ofdifferent immunostimulants permits the study of prenatal immune stimulation via alternative (T cell-independent and T cell-dependent) pathways, producing different time courses of maternal cytokine release, elevated adrenocortical secretion and other hormonal factors (27) (28) (29) . This approach may allow discrimination between different immune challenges on fetal brain development.
Methods
Animals and prenatal treatment. Timed-pregnant primiparous Wistar rats were purchased from Charles River Wiga (Sulzfeld, Germany) and arrived in our animal room on their sixth day ofpregnancy. The day on which a vaginal plug was noted was defined as the first day ofgestation. Dams were housed singly under standard lighting (lights on from 0600-2000 h) and temperature (230C) conditions. Food and water were available ad libitum.
On day 10 of gestation, relatively early in fetal rat brain development (30) , these dams received a single i.p. injection of either 30 Mg/kg LPS or 5 X 108 HRBC between 10:00 and 1 1:00 a.m.. LPS (Escherichia coli 026:B6; Sigma Chemical Co., St. Louis, MO) was dissolved in sterile pyrogen-free saline (9 Mg LPS/300 Ml). For HRBC, blood was collected in sterile citrate-coated tubes, centrifuged, and the leucocytes were aspirated. Next, the erythrocytes were washed three times with saline and resuspended to a concentration of 5 X 108 HRBC in 300 M1 saline. Control dams received an i.p. injection of 300 Ml saline.
Gestation lasted for 20-22 d. After birth, male and female pups were counted and litters were reduced to 10 pups per mother to guarantee similar feeding conditions. The pups were weaned at 3 wk and any female pups were removed from the cage. Only male rats were used for further experimentation. These rats were housed six per cage under above mentioned conditions and used for experimentation when the age of 3 mo was reached.
In a separate set of experiments, the response of the maternal immune system after antigenic stimulation was verified. Thereto, 10-dpregnant rats were i.p. injected with HRBC or LPS and killed after 18 d or 3 h, respectively. Control pregnant rats received an i.p. saline injection. For further experimental details, see below.
Measurement ofanti-HRBC antibodies in plasma ofHRBC-treated pregnant rats. I0-d-pregnant rats were injected i.p. with 5 X 10 HRBC or vehicle (pyrogen-free sterile saline) between 10:00 and I 1:00 a.m. 18 d after injection, rats were quickly anesthetized with halothane, decapitated, and trunk blood was collected in ice-chilled EDTA-coated tubes. Anti-HRBC antibody content in plasma was measured by a whole cell ELISA as developed by Dr. Wolfgang Klinkert (Max Planck Institute of Psychiatry, Theoretical Institute, Department of Neuroimmunology, Martinsried, Germany). Thereto, microtiter plates (Costar Corp., Cambridge, MA) were coated with a poly-D-lysine solution (1 mg/ 100 ml H20) for 2 h at room temperature. Next, washed HRBC (from the same person from which HRBC were collected for immunization of the rats) were added to each well (200,000/well) and the plates were centrifuged at 400 g for 5 Northern blot analysis of IL-Jj3 mRNA in splenocytes of LPStreated pregnant rats. 10-d-pregnant rats were injected i.p. with 30 g/ kg LPS or vehicle (pyrogen-free sterile) saline between 10:00 and 1 1:00 a.m. 3 h after injection, spleens were aseptically removed under halothane (Hoechst, Frankfurt am Main, Germany) anesthesia and dispersed through a screen cloth (pore size 40 Mm) to obtain single-cell suspensions. Next, cells were centrifuged (10 min X 400 g, 4VC), the pellet resuspended in lysis buffer (155 mM NH4Cl, 10 mM KHCO3, 0.1 mM EDTA) and maintained on ice for 6 min to lyse erythrocytes. Cells were separated from erythrocyte fragments by low-speed centrifugation (20 min X 50 g, 4°C) through fetal calf serum (FCS) (GIBCO, Paisley, Scotland). From the cell pellet, total spleen lymphocyte RNA was isolated according to the method ofChomczynski and Sacchi (31). Subsequent electrophoresis, blotting, radiolabeling of the rat IL-lIO probe, and hybridization were performed as described by Sambrook et al. (32) . Briefly, 20Mg RNA was separated on a 1% agarose formaldehyde denaturing gel and, next, blotted onto nylon membranes (Hybond N; Amersham, Braunschweig, Germany) by pressure blotting. The rat IL-1,B clone which was inserted in a SK+ Bluescript vector (Stratagene, La Jolla, CA), was a gift from Dr. Dan Lindholm (Max Planck Institute of Psychiatry, Theoretical Institute, Department of Neurochemistry, Martinsried, Germany) and comprised 500 bp. The plasmid was linearized with HindIII, and a 32P-labeled cRNA probe was produced by in vitro transcription (Stratagene) with T3 polymerase and a-32P-UTP. Control hybridizations were performed with a fi-actin cDNA probe which was generated from a 1-kb fl-actin cDNA PstI fragment.
This probe was labeled with a random-priming kit (Boehringer Mannheim, Mannheim, Germany) using a-32P-dCTP (Amersham). Nylon membranes were prehybridized for 4 h at 42°C in a solution containing 50% formamide, 5X sodium chloride sodium phosphate EDTA buffer (SSPE), 5x Denhardt's solution, 0.1% SDS and 100 Mg/ml denatured salmon sperm DNA and then hybridized with the probe at the same temperature for 15 h. Blots were washed at increasing salt and temperature stringency with a final wash in 0.1 X SSC containing 1% SDS for 2 h at 65°C or 30 min at 60°C for the IL-1,B cRNA and ,B-actin cDNA probe, respectively. Dried filters were exposed to Kodak XAR-5 film with an intensifying screen for 2-4 d at -70°C. The size of the bands were estimated by comparison with 18S and 28S ribosomal RNA. The blot was reprobed after eluting the first probe with 5 mM Tris/HCL pH 8.0, 2 mM EDTA, 0.1 X Denhardt's solution, for 2 h at 70°C. After the previous signal was removed, the blot was prehybridized and hybridized according to the method described above.
Neuroendocrine experiments on prenatally immune-stimulated rats. Each experimental and control group was composed of animals derived of at least six pregnant rats. For estimation of the basal plasma levels of ACTH and corticosterone, great care was taken to keep the rats undisturbed the night before the experiment. All neuroendocrine experiments were performed between 7:00 and 9:00 a.m. Rats were individually anaesthetized (< 25 s) in a glass jar containing saturated halothane vapor after which the animals were decapitated immediately. Trunk blood was collected in ice-chilled EDTA-coated (10 ml) tubes containing 140 Mg aprotinin (Trasylol, Bayer, Germany).
The responses in plasma ACTH and corticosterone to a mild stressor were assessed by exposing rats to a novel environment stress procedure. Undisturbed rats were placed singly in a new cage for 30 min, after which they were quickly anaesthetized, decapitated, and trunk blood was collected as outlined above. Plasma samples for ACTH and corticosterone measurement by radioimmunoassay (RIA; ICN Biomedicals, Costa Mesa, CA), were stored at -80 and -20'C, respectively. The inter-and intraassay coefficient of variance for ACTH, were 7 and 5%, respectively, with a detection limit of -2 pg/ml. For corticosterone, the inter-and intraassay coefficient of variance was 7 and 4%, respectively, with a detection limit of 0.15 jig/I00 ml.
Surgery and 3H-steroid binding assay on tissues ofprenatally immune-stimulated rats. For corticosteroid binding measurement, rats were bilaterally adrenalectomized under halothane anaesthesia to deplete their body of endogenous corticosteroids. After surgery, the animals were maintained on 0.9% NaCl in the drinking water. Immediately after removal from the body, adrenal glands were carefully cleaned, placed in an eppendorftube (adrenals ofone rat per tube), and frozen on dry ice. The weight of the adrenals was determined on the same day as the day of surgery to prevent unreliable adrenal weight data due to water loss from the tissue during long-term storage at -80'C. In addition, the rats were weighed at the time of adrenalectomy (ADX).
One day after ADX, rats were quickly anaesthetized with halothane after which they were decapitated immediately. Trunk blood was collected in pre-chilled EDTA-coated tubes and the plasma was checked forthe absence ofany endogenous corticosterone by RIA (ICN Biomedicals). Immediately after decapitation, the brain and the pituitary were rapidly removed from the skull. Subsequently, the anterior part of the pituitary was separated from the neurointermediate lobe and the hippocampus and hypothalamus were dissected from the brain. Dissected tissues were instantaneously frozen on dry ice and stored at -80'C until corticosteroid receptor assay.
Brain or pituitary tissues were homogenized (100 mg brain tissue/ ml; 50 mg anterior pituitary tissue/ml; 10 strokes at 900 rpm) in icecold 5 mM Tris-HCI, pH 7.4, containing, 5% glycerol, 10 mM sodium molybdate, 1 mM EDTA, and 2 mM fl-mercaptoethanol using a glass homogenizer with a Teflon pestle milled at a clearance of 0.25 mm on the radius. The homogenate was centrifuged at 100,000 g for 60 min at 0-2°C to obtain cytosol (i.e., supernatant fraction). All reagents used were analytical grade. For saturation analysis, aliquots of cytosol (100 ,ul) of pooled hippocampus (from 6-8 rats per group) were incubated with a range of 3H-labeled steroid concentration (0.1-10 nM; 6-8 concentrations; total volume 150 Ml) in duplicate. Measurements on individual hippocampi and pooled hypothalami and anterior pituitaries were done in quintuplicate at a single concentration (15 nM), giving > 95% saturation of binding (33) (34) (35) . Measurement Data analysis. The experimental data on litter size, secondary sex ratio, body weight, adrenal weight and receptor binding measurements were tested for statistically significant differences with oneway analysis of variance (ONEWAY) followed by Duncan multiple range test in appropriate cases. Statistically significant differences in plasma hormone levels were investigated with the two-tailed Mann-Whitney Utest. Data were considered to be statistically different when P < 0.05. This was corrected by Bonferroni procedure when multiple comparisons were performed.
Results
Effect ofantigenic challenge on the maternal immune system. To verify whether an antigenic challenge with HRBC or LPS would stimulate the immune system ofpregnant rats, the presence of anti-HRBC antibodies in plasma of HRBC inoculated dams and IL-lI3 mRNA expression in spleen lymphocytes after LPS injection was determined.
In the whole cell ELISA with HRBC as the antigenic substrate, it was found that plasma of HRBC-injected dams produced substantially higher optical density values at plasma dilutions ranging from 1:1 to 1:160 as compared with values obtained with serum from saline-injected dams or rat control plasma (Fig. 1) . Thus, antigenic stimulation of pregnant rats with xenogeneic blood cells produced an immune response giving rise to the production ofspecific antibodies directed against this antigen. Fig. 2 shows that, 3 h after i.p. LPS injection, spleen lymphocytes of pregnant rats expressed markedly increased levels of IL-I # mRNA, which is observed on the blot as a single band with a length of -1.8 kb. IL-1( mRNA in the saline-injected dams was hardly detectable, although similar amounts of total RNA were analyzed in each lane as confirmed by the signal of the f3-actin mRNA content (Fig. 2) .
Effect ofimmune stimulation duringpregnancy on numeral and physical parameters of the offspring. At birth, no significant differences were found in the total number ofprogeny per dam (Table I) . However, dams injected with HRBC during pregnancy gave birth to fewer male pups than the control dams, as revealed by the significant decrease of 15% in the secondary sex ratio (male births/total births) ( body weight between the pups of either sex (data not shown). The male offspring at the age of 3 mo did not show any differences in either body weight or adrenal weight (Table I) .
Effect ofprenatal immune challenge on HPA axis activity in the adult offspring. To test whether the prenatal antigen treatment had a permanent influence on adult HPA system activity, we determined plasma ACTH and corticosterone both under basal conditions and after stress. Early morning basal plasma corticosterone levels were significantly elevated in both LPS (+67%) and HRBC (+ 122%; Fig. 3 B) groups. Most circulating corticosterone is bound to CBG and albumin but no significant differences were found in CBG levels (control, 1.13±0.04 AM; LPS, 1.07±0.03 MM; HRBC, 1.10±0.03 MM, mean±SEM, n = 7), indicating that in both LPS and HRBC groups free corticosterone levels were elevated. Basal plasma levels of ACTH were not elevated (Fig. 3 A) . To examine whether challenged rats respond differently to stress, we used a mild stress paradigm (30 min in a novel environment). The HRBC group showed much larger increases in plasma levels of ACTH (+73%) and corticosterone (+57%) than the control animals. The LPS rats showed HPA hormone responses to stress which were not significantly different from the controls (Figs. 3, GR in the hippocampus, and levels of GR in hypothalamus and anterior pituitary of the prenatally immune-stimulated rats. As shown in Fig. 4 A and C, both LPS and HRBC led to a decrease of20-30% in MR levels in pooled as well as in individually measured hippocampus tissue of the adult offspring. A decline in hippocampal GR levels of -15% was also evident in both treated groups (Fig. 4, B and C) . Saturation binding and Scatchard analysis (Figs. 4, A and B) revealed no changes in the Kd of either MR or GR. Hypothalamic GR levels were unchanged, and those in the anterior pituitary slightly increased (+ 13%; Table II ).
Discussion
This study shows for the first time that an immune challenge during pregnancy affects fetal brain development which manifests in a disturbed HPA axis persisting into adult life. Hence, both types of prenatal immune stimulation led in the male offspring to an increase in basal corticosterone values, and, in addition, confrontation ofthe prenatally HRBC-treated rats to a psychological stress situation led to an augmented response in plasma ACTH and corticosterone levels. Moreover, these changes in hormonal secretion were accompanied by marked decreases in the concentration of MR and GR in the hippocampus, a limbic brain structure critical for processing ofstress and HPA axis regulation.
We observed that injection of LPS or HRBC in 10-d-pregnant rats produced inflammatory and immune responses, as revealed by the increased expression of IL-13 mRNA in spleen lymphocytes and the production of specific anti-HRBC antibodies, respectively. These observations confirm that the immune system of the pregnant animals responded to the antigenic challenge. As Body weight (g) 514±10 (10] 520±15 [8] 531±9 [11] Adrenal weight (mg) 36.7±1.7 [10] 39.5±0.7 [8] 34.7±1.1 [11] Data on the offspring of each experimental group concern the total number of 66 + 22 per dam and the secondary sex ratio (male births/total births, mean ± SEM), based on 17-28 litters per experimental group as denoted between parentheses. The physical data (mean±SEM) on the adult male offspring are body weight (expressed as grams) and adrenal weight (expressed as mg per two adrenals) of 8-11 animals (denoted between brackets), derived randomly from 8-11 different litters. In this experiment, 10-d-pregnant rats received a single i.p. injection of either 30 ag/kg LPS or 5 x 108 HRBC between 10:00 and 11:00 a.m. Control dams received a saline injection. After birth, male and female pups were counted in each litter and the secondary sex ratio determined. Body and adrenal weight of the male offspring were determined at the age of 3 mo. * P < 0.05, Duncan multiple range test.
ment of the fetal brain, resulting in a disturbed HPA axis function when adult. In this respect, the following mechanisms may be involved.
(a) The action of newly synthetized cytokines after HRBC inoculation may have perturbed the delicate immune balance maintained at the feto-maternal interface. Antigens such as HRBC are thought to produce cell-mediated and humoral immune responses involving T-helper 1 (TH1) and TH2 cells, re- Figure 3 . Plasma levels of ACTH and corticosterone under early morning basal resting conditions (A and B) and after 30 min novel environment stress (C and D) in LPS and HRBC groups (mean±SEM, n = 7-9). Each experimental and control group was composed of animals derived of at least six pregnant rats. For estimation of the basal plasma levels of ACTH and corticosterone, great care was taken to keep the rats (3 mo old) undisturbed during the night before the experiment. All neuroendocrine experiments were performed between 7:00 and 9:00 a.m. After decapitation, trunk blood was collected in ice-chilled EDTA-coated (10 ml) tubes containing 140 ,ug aprotinin. Changes in ACTH and corticosterone in response to psychological stress were determined by placing undisturbed rats singly in a "new" cage for 30 min, after which they were decapitated and trunk blood was collected as outlined above. Plasma ACTH and corticosterone were measured by RIA. Differences between means were tested with the Mann-Whitney U-test. *, P < 0.025.
spectively. TH1 cells produce cytokines, such as IL-2, IFN-'y, and TNF-f3, (38, 39) which are harmful for the maintenance of the feto-placental unit (40) (6, 47, 49, 50) . These effects of endotoxin could be mimicked by i.p. injection ofhigh doses (> 100 tog/kg) of recombinant human IL-1 a or TNF-a (6) . High concentrations ofendotoxin (LPS; 2 100 tg/kg in rats or guinea pigs; 2 5 ,gg/mouse) also produce transplacental effects including fetal growth retardation, skeletal anomalies, and increased neuronal necrosis (47, 49, 51) . It has been considered that due to the endotoxin-induced severe placental ischemia, fetal hypoxia may be one ofthe prime teratogenic mechanisms (47, 50) . Hypoxia has been shown to cause fetal damage in many species (52, 53) . In the present study, only a moderate dose of E. coli LPS (30 jsg/kg) was used and no fetal growth retardation was observed. Although it is unlikely that this dose would cause placental damage, it cannot be excluded. In addition, maternal fever has been reported to be harmful to the fetal brain (54 (59, 60) in the adult offspring.
It has been postulated that increased maternal glucocorticoid secretion underlie these effects (61, 62) . Injection of rats with xenogeneic erythrocytes markedly elevates plasma corticosterone levels between days 4 and 8 after administration (27) , whereas LPS stimulates the HPA system for a much shorter time period: 2-8 h (29). Such long-term elevations in glucocorticoid hormones levels as occurring after HRBC administration, may have contributed markedly to the developmental disturbances reported in this study.
Deficiencies ofthyroid hormones during the so-called "critical period" (in rat from gestational day 18 to 21 d postpartum) (63) causes irreparable damage to the structural development and organization of the brain (64) . In humans, thyroid function is often altered during conditions of severe illness or stress known as the "euthyroid sick syndrome" (65, 66) . Sick rats show reduced plasma thyroid stimulating hormone (TSH) and T4 levels (67) . A decline in thyroid function was also observed after IL-13 administration to rats (68) . In our studies, immune stimulation may have depressed maternal thyroid function thereby compromising fetal brain development.
In this study, a most relevant observation was that a T cellmediated immune response (HRBC) during pregnancy appeared to have more severe implications for HPA system regulation in the adult offspring than prenatal administration of an endotoxic agent (LPS). Although both prenatally treated groups showed similar changes in corticosteroid receptor levels in brain and pituitary, the observation that prenatal HRBC rats produced much higher hormonal responses after stress, strongly suggests that distinct neuroendocrine mechanisms, apart from the corticosteroid receptors, are affected by the prenatal immunological and endotoxic challenge. As duration of such antigen-induced responses is determinant for the extent of the neuroendocrine disorder in adult life. Thus, the relatively long-lasting pathophysiological responses after HRBC (time span, days) may have caused more damage to the organization of neural circuitry underlying HPA axis regulation than those after LPS (time span, hours). Such other target mechanisms involved in HPA axis regulation may include the ascending noradrenergic and serotonergic systems innervating limbic brain areas (69, 70), and the paraventricular CRH and vasopressin system in the hypothalamus (71) . Further studies are required to discern the brain mechanisms underlying the HPA axis disturbances after a prenatal immune challenge. Interestingly, both prenatal LPS and HRBC evoked a significant increase in basal corticosterone values, but no changes were observed in ACTH levels. This observation suggests an increased adrenal sensitivity to ACTH in the prenatally challenged animals, which may involve altered splanchnic neural input to the adrenal (72) .
Many preclinical and clinical reports have evidenced that exposure to elevated glucocorticoid levels for prolonged periods of time, as occurring most severely in the prenatally HRBC-treated rats, are ultimately detrimental for the organism. Hypercorticism has been observed to cause immune suppression, steroid diabetes, inhibition of growth, hypertension and infertility (18) . Moreover, a disturbed HPA axis regulation seems also to be implicated in the precipitation of psychiatric disease, such as major depression, and patients with Cushing's disease often suffer from changes in mood and affect reminiscent to those observed in major depressive illness (73, 74) . Treatment of depressed patients with antidepressants has been shown to normalize HPA axis function before clinical improvement was noted (75) (76) (77) . The correction ofCushing's disease is usually followed by an alleviation of the depressive symptoms (74) . In experimental animals, antidepressants have been shown to increase hippocampal expression of MR and GR with parallel reductions in basal and stress-induced ACTH and corticosterone secretion and in adrenal weight (33) . Thus, HPA axis dysfunction appears to be associated with an increased vulnerability for mental disease in later live. Furthermore, it is of interest to note that some epidemiological studies have suggested a link between prenatal viral (e.g., Influenzae A2) infections and the pathogenesis of psychiatric illness (78) . In addition, pregnant women with fever and bacteriuria due to infection with gram-negative organisms give birth to a higher incidence of children with neurologic defects than do mother free of infection (79, 80) . The present study demonstrates that during pregnancy a T cell-mediated immune reponse as well as an endotoxic challenge affect fetal brain development precipitating in a disturbed HPA system function in adulthood. This observation may open up new insights into the involvement of disordered fetal brain development in the pathogenesis of psychiatric disease.
